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-800 photographs.　The success of the program is due to the employ-
merit of a flexible picture　analysis　scheme　with feedback.　An
experiment on face identification of 20 people was also conducted.
I-l.　Picture Analysis and Recognition - New Aspects
　　When shown the pictures of the human face　of Fig. 1-1,　we　can
immediately tell　the　positions　of the　nose, mouth　and　eyes;　and more-
over, we can say that both pictures surely　portray　the same person.
Picture analysis and recognition by computer concerns itself with this
type of two-dimensional　image processing.　In this thesis, I selected



























































































































































































































































































































































































































View of GIRLS subsystem: 田I/O typewri ter;
(2) Paper tape reader; (3) CPU of MACC 7/F mini-
computer; (4) Graf/pen: (5) Transmission cable
to NEAC 2200/200 ； (6) Storage-type CRT;
(7) GIRLS-interface controller: (8) Flyin
scanner; (9) Character CRT:（10）
司トlying-spot
Mini-disk device
MACC 7/F wi th NEAC 2200/200. The controller has special features in
order to al l ow MACC 7/F to control fl exi bly the attached devices and
to act as an intelligent terminal of NEAC 2200/200. (See APPENDIX A-1）
　　The flying-spot scanner(FSS) is 0S-70J of Kowa Co. Ltd. with some
home-made　modifications(Fig.　2-4).　　　It　scans　both　opaque　（75 mm
ｘ 75 mm) and transparent (10 mm ｘ　10 mmへ^ 24 mm X 24 mm) materials　in
a random scan ｍｏｄｅ;X-Y location of the spot is　specified　by 10 bit
coordinates　by　the　program,　in total　1024 ×　1024 addressable　points.
The 5" CRT (C-6861 P46; Fujitsu Ltd. ) uses a　new　phosphor material ，
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of P16, but　it has much　better properties　than　P16:　shorter rise time,
about　ten times　as　bright as　P16, and much　longer　lifetime.　The　spot
size on the tube（70 mm ｘ 70 mm raster) i s approximately 35 wm.　thus
making　all　the　addressable　points　resolvable.　The　output　signal　　is
digitized　into a 5-bit-precision number (i.e., 32 gray levels).　Con-
trast and offset of the gray l evel　are　changeable　in 4 different modes
by a program-settable parameter.　The scanner　is　equipped with　a film
transport which advances　or reverses　the film by a pulse motor.　The
FSS is also able to be used as a film recorder to produce a half-tone
picture by readily replacing the scanner head with ａ camera　head as
shown in Fig. 2-4（b）｡
　　　Graf/pen is a tablet with a stylus pen for　　coordinate　　input.
Ei ther a　14" × 14" 0ｒ　20" × 20"　tablet　can be used.　　The stylus
combines a bal 1-point pen with a tiny spark gap providing a very-low-



















































































































































































































Figure　2-9　Digitization by four kinds of beam intesity･
　　　　　The
picture of Fig. 1 -1(right) is digitized
　　　　　into　　120 × 200 elements. Point spot(l X 1)
　　　　　is used and the sampling interval is 3.
　　　　　The histograms of gray levels show the effect





Scan by a l arge spot.
The same picture as　in
Fig. 2-9　is　scanned　by





(b) Scan by the differential
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1 0 17 23
3 1 19 31
5 2 21 43
7 3 23 59
9 5 25 80
11 8 27 109
13 11 29 150


















　Example of film recording.
　The picture frame ｉs　1 40
　ｘ 200　and the elemental
　square i s　5 × 5.
' ･ ¬
(b) Reproduced print;

















































































FSS sampl i n9 ＆

































































































































(b) Printout of the digit- (c) Binary
　a1 gray-level picture　　　picture
Picture　input　and　line　extraction.
The dark horizontal li ne i n the upper
part is due to the burn i n the CRT
surface of the FSS used for digitization.
　　　A photograph (or ａ real view) of the face is converted to a d句-
ital array of 140 × 208 picture elements, each having a gray level of
5 bits (i.e., 32 levels), by means of a flying spot scanner　or　ａ TV
camera.　Fig. 3-2(a) is an original photograph, and Fig. 3-2(b) is
the gray-level picture digitized by the FSS. The program can work in
either on-line or off-1ine mode. In on-1 ine mode. -the digitized pic-
ture is fed directly into the analysis program. and in off-line mode,
it is stored once on ａ magnetic tape for later use.
　　　T･he binary picture of Fig. 3-2(c) is obtained　by applying a
Laplacian　operator (i.e. two-dimensional　　secondary　differentiation)
on　the　gray-level　picture　and　thresholding　the　result　at　a　proper
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Figure　3-7　　Digital　gray-level
　　　　　　　　　　　　　pictureof a face.
whe゛｀ellijdenotｅs the digital array
to　represent　I(x,y).　From　this
equation　　it can　be　seen　that
the operator　of　Fig. 3-8 combi nes
differential operation with averag-
ln9:　　　1.ｅ･，　　first　　　averaging
operation　i s　performed on　3×3
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Figure　3-25　Result of the analysis
-
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Figure　3-26
　Photograph with feature　points located by human.
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Face with facial　lines　:　example lFigure　3-27
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Figure　3-30　Face with mustache.
Figure　3-31 Face with turn or tilt　:　example l
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Figure　3-32　　Face with turn or tilt　:　example 2
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(a) Original photograph
by the beam （00）
71
Figure　3-35












by the beam （10）
??????
(b) Result of the
　analysis
Figure　3-36　Effect of beam-intensity control
一 一
(5) Face with turn or tilt
　　　Fig. 3-31　and Fig. 3-32 show the faces　　that　involve　ａ　small
extent of　turn　and　til t.　Though　the　results　are　fairly　900d，　the
positions　of mouth, nose　ends　and　eye　rectangle　　have　　some　errors
because no explicit compensation　is made for the turn and　tilt.
(6) Case of sparse chin-contour segments
　　Fig. 3-33 illustrates the case in which the feedback process with
adaptive threshold setting　in　the chin-contour detection made　it




































































































































































IV-3-3. Sampling of Finer Image Data
available　as was explained　in CHAPTER II






Figure　4-2　Result of the first stage of processing
　　　　Thefirst　thing　to　do　is　toobtain　finer　image　data　　of　the
confined portions.　From the feature　points　obtained　in　the　first
stage, four　small　regions　are　settled　as　shown　in　Fig. 4-3.　　They
correspond　to　the　right eye, left eye, nose　and mouth. This　time, the
scanning is made with the highest resolution, i.e., spot size °l　ｘl
(point spot）　and　sampl i ng step °1 .　　The "best"　beam intensity is
selected　to　obtain　the　details.　　Four　kinds　of　beam　intensity are
(see Fig. 2-6). The best
is　determined as　f011OWS.
Take the nose region for instance. Fig. 4-4(a) shows　the histogram
of gray levels contained in the corresponding region　of　the digital















P, Q, and M.
Size of the regions:
　Eye 一一　70 χ40
　Nose 一一　80 × 50
















Figure 4-5　Printouts of detailed image data.
first stage (see Fig. 4-5(c)). The histogram indicates that the
shades of gray　in　the region range　from ８ to 26.　　Thus　the beam
intensity (10) will provide the best detail ， because the middle range
is digitized into 32 levels, and the darker and brighter ranges satu-
rate to the lowest value o and the　highest　val ue　31 s　respectively･
In fact. as shown in Fig. 4-4(b) the new histogram　of　the detailed
image data of the nose region (Fig. 4-5(c)) proves the effect of thi s
beam selection:　the whole digital　range　is　used effectively.
　　In　this　way.　the　best　beam　intensity　IS　selected　for each　region
（00）foｒ　the　region of wide-range　intensity, (01)　for　dark　region,
(10) for medium. ａｎｄ田) for bright. Fig. 4-5 shows the　printouts
　　　　　　　　　　　　　　81










































Figure　4-6　　Detection of eye corners
　ims corresponds to the





　　The operations shown in Fig. 4-6 can　locate　the　eye　corners
precisely.　The first operation is to erase　the connected components
which cross the frame edge and lie outside　　of　　the　　circumscri bed
　　　　　　　　　　　-rectangle of the right eye SIS2S3S4 that has been determined in　the
first stage (Fig. 4-6(a)). This operation　eliminates the portions
that correspond to eyebrow. nose line. and hair.　The circumscri bed
rectangle　of　the　remaining　components.　M1
'^Q'^oA　is　determined





　　　In the nose region. the two nostrils are the features　that can
be consistently obtained. because they appear extremely dark｡
　　　Two　small　areas　are　fixed,　in which　the　left and　right　nostrils
may　be　contained ，　respectively.　　P-tile method　is　applied　on　each
area to determine the threshold that singles out the nostri l from the
background : the threshol d value is the minimum T such that the number
of points　which are　darker　than T　exceeds a predetermi ned number
P °45y　Points that are darker than T are located, and the fusion of
distance l is performed on it.　The center of gravi ty of the maximum
component　ｉｎ　each　area　ｉs　computed as　the center　of the nostril.
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to　eliminate　the differences　of dimension














accordi ng to the foi l owiｎ9
ｉ＝１、２ｓ　・・・ｓ１６ (4-2)
一
一 E[(勺‾ ≒)2]；゛ind E[゜]stands for　the average
Ｅ
Figure　4-10　Determination of mouth extremities
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Figure　4-11
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Computer 10 9 10 10










1i 1 2 3
A 1 1 1 1
B 1 1 1 1
C 2 1 1 1
D 3 3 1 1
E 1 1 1 1
F 4 5 5 5
G 1 2 3 6
H 2 2 2 1
I 1 1 1 2
J 2 1 1 1
K 1 1 1 1
L 2 2 2 5
M 1 1 1 1
N 2 1 1 1
0 2 1 1 1
P 1 1 1 1
Q 5 5 2 1
R 1 1 1 1
S 2 2 1 1
T 3 2 2 2












Persぺ 17 1 2 3
A 1 1 1 1
B 2 2 2 2
C 1 1 1 1
D 2 1 1 1
E 2 1 1 1
F 1 1 1 1
G 1 1 1 1
H 6 3 3 5
I 1 1 1 1
J 1 1 1 1
K 1 2 2 5
L 1 1 1 1
M 5 5 5 5
N 1 1 2 2
0 1 1 1｀ 1
P 1 1 1 1
Q 4 3 2 3
R 1 1 1 1
S 1 1 1 1
T 1 1 1. 1














































































































































































































































































































































































































































































Figure A-2　Schematic diagram of MACC-NEAC connection.
- -
108




















































































































































































































































































































































一 一 ‥ - 一 一 -
For the beam （00），32 quantization levels are spread uniformly over
the whol e range of brightness ，whereas for the beam (01), they are
concentrated into the darker range. and the brighter range gives satu-
rated output 31 . The beams （10）and田) correspond to the middle
and brighter ranges ，respectively. The brightness digitization.
therefore, has substantially 6-bit resolution for gray scale.　This
control is accomplished by changing the second grid ｖ01tage of the
CRT i n two ｌeve! s (slope of I/O relation) and the offset vol tage of
the video preampiifier (window of the digitization). This range and
contrast control as well as other functions plays an important role
in the "flexible scanning progra?l which has been described in II-5∠1｡
　　The film transport advances or　reverses　35 mm perforated film by
the sprocket wheel　connected to a stepping motor. Frame changi ng time
i S about hal f a second.　Fig. A-8 is a picture of the film transport｡
　　The FSS is also used as a film recorder to record computer out-
puts on raw fi Im, readily by replacing a scanner head with ａ camera head.
The control　is almost in the same manner as input, with only exception
that the time of "beam on" is program-controlled in order to produce
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APPENDIX　C
SUPPLEMENTARY DATA OF RESULTS OF ANALYSIS
　　　　　　　　　咋CHび)TER .Ill
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Face wi th facial l ines
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5.　Face with glasses; eye centers
　　happened to be obtained
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